Introduction
Benign mesenchymal and meningothelial lesions uncommonly affect the sinonasal tract, but are frequently a source of difficulty for pathologists. Epithelial lesions are much more common, but may take on a spindled, mesenchymal or biphasic appearance, resulting in further difficulty. Malignant mesenchymal tumors may more commonly be identified in other head and neck locations. This paper specifically discusses rare benign lesions that are unique to the sinonasal tract, such as a glomangiopericytoma (GPC, sinonasal tract hemangiopericytoma), antrochoanal polyp (ACP or inflammatory polyp with stromal atypia), and juvenile nasopharyngeal angiofibroma (JNA), while solitary fibrous tumor (SFT), lobular capillary hemangioma (LCH) and meningioma may develop in this location, but are often unexpected or may have overlapping features with other lesions of this region. The following is a discussion of these entities, along with their differential diagnosis.
Glomangiopericytoma
Almost from its initial description by Stout and Murray as a tumor primarily composed of pericytic cells [1] , hemangiopericytoma (HPC) as a specific tumor type has been debated. The histologic features of the sinonasal type HPC appear unique, combined with a myoid phenotype (a sitespecific myofibroma), as a part of the myopericytic family of tumors [2] [3] [4] [5] . Although there are morphologic similarities to other myopericytic entities, ''GPC'' of the sinonasal tract is a relatively distinct tumor, defined as a tumor demonstrating composite features of perivascular modified smooth muscle (myoid phenotype of glomus tumor) arranged in a characteristic syncytium of ovoid to spindle-shaped cells in a variably fibrotic stroma with distinctive branching vessels (HPC) [6] [7] [8] [9] [10] .
Clinical Features
GPCs predilect to the nasal cavity and paranasal sinuses, where they comprise \0.5 % of all sinonasal tract neoplasms [6, 11, 12] . With a peak in the 7th decade (range, in utero to 86 years), there is a slight female predominance. This tumor is mostly unilateral, affecting the nasal cavity alone, occasionally extending into the paranasal sinuses, with about 5 % bilateral [6, [11] [12] [13] [14] . The majority of patients experience nasal obstruction and epistaxis, with a wide range of other non-specific findings (polyps, sinusitis, headaches, difficulty breathing, congestion), usually present for less than 1 year on average. Severe oncogenic osteomalacia occurring in association with GPC is reported [11, 15] . GPCs are indolent tumors, with an overall excellent survival ([90 % 5-year survival) achieved with complete surgical excision. Recurrences, in up to 40 % of cases, are usually a result of inadequate resection, with the recurrence affecting the same site, occurring from a few months up to two decades after the initial surgery [6, 11, 13, 14, 16, 17] . Aggressive behavior (malignant GPC) is uncommon, suggested by large tumors ([5 cm), bone invasion, profound nuclear pleomorphism, increased mitotic activity ([4/10 high power fields; Ki-67 proliferation index of [10 %), and necrosis, with rare metastasis reported [6, [11] [12] [13] 18] .
Pathology Findings
The tumors are generally polypoid, with an average size of 3.0 cm, ranging up to 8.0 cm. They are non-translucent, beefy red to grayish pink, soft, edematous and fleshy to friable tumors. It is remarkable how similar these tumors are one to another. These unencapsulated tumors are identified below an intact respiratory or metaplastic squamous epithelium. Sometimes surface erosion is observed due to friction of a large polypoid mass within the nasal cavity. The characteristic appearance is that of a ''patternless'' diffuse architecture, frequently effacing or surrounding normal tissue (Fig. 1a) . The cells may be arranged in short fascicles, storiform, whorled, ''meningothelial'', reticular, or short palisades of closely packed cells. The cells are separated by a rich vascularity, revealing capillaries to large patulous spaces giving the characteristic ''staghorn'' or ''antler-like'' configuration. Sometimes focal, there is usually a very prominent thick, acellular peritheliomatous hyalinization, a feature uniquely characteristic of this tumor (Fig. 1a) . Lacking distinct cell borders, the closely packed, uniform oval to elongated cells have a syncytial architecture. The nuclei are round, oval to spindle-shaped, vesicular to hyperchromatic, surrounded by non-descript amphophilic, eosinophilic to cleared cytoplasm. Mitoses are limited (\3/ 10 high power fields) and nuclear pleomorphism is absent to mild. Necrosis and atypical mitoses are not identified. Three additional characteristic findings include mast cells, eosinophils, and extravasated erythrocytes (Fig. 1b) , with nearly all tumors possessing these hematologic elements. In a few cases, tumor giant cells may be identified, interpreted to represent aggregation of cells as part of a degenerative change, similar to symplastic glomus tumor [19] . Fibrosis or myxoid change may be present in a few areas, but only in a small percentage of cases. Rare examples of glomangiopericytoma may contain mature adipose tissue (lipomatous GPC) or reveal extramedullary hematopoiesis [6, [20] [21] [22] . Concurrent, collision tumors may be found, with SFT noted as a distinctly separate and immunophenotypically different neoplasm [6, 23, 24] . Rarely, severe pleomorphism, necrosis and increased mitoses may be identified, with a malignant designation applied to these cases, which have a much higher chance of developing recurrence or rarely metastasis with death due to disease [6] .
Ancillary Techniques
GPC show a distinct immunohistochemistry profile, showing a diffuse reactivity with actins (smooth muscle [ muscle specific, Fig. 1c) , vimentin, nuclear b-catenin (Fig. 1d) , cyclin-D1 and factor XIIIA, while lacking any significant expression of CD34, CD31, FVIII-R Ag, CD117, STAT6, bcl-2, AE1/AE3, CK7, EMA, desmin, S100 protein, GFAP, CD68, CD99, and NSE. Individual cells are highlighted with laminin, similar to argyrophilic stains that envelop individual pericytes by a silver impregnated matrix representing basal laminar material [25] . Rare cases have demonstrated focal bcl-2, S100 protein, CD34, GFAP and CD68 [6, 8, 11, 17, 18, 26] . The intensity of immunoreactivity may vary both within and between cases, ranging from diffuse and strong to focal and weak, but in general, the SMA, b-catenin and cyclin-D1 are strong and diffuse reactions. The tumor giant cells demonstrate an identical immunohistochemical antigenic profile to the tumor cells, representing true neoplastic giant cells not macrophage-type giant cells.
b-catenin, a cadherin-associated membrane protein, participates in the regulation of cell-to-cell adhesion, a terminal component of the Wnt-signaling pathway. Aberrant expression of b-catenin is a well-known event in tumorigenesis and tumor progression [27, 28] . Strong nuclear b-catenin and cyclin D1 immunoexpression is observed in nearly all cases of GPC. Somatic, single nucleotide substitution mutations in CTNNB1 gene encoding b-catenin, specifically in the glycogen serine kinase-3 beta (GSK3b) phosphorylation region (encoded by exon 3) have been identified in GPC (using Sanger sequencing) [7, 8] . These heterozygous mutations involved codons 32, 33, 37, 41 and 45, findings similar to those in other tumor types demonstrated to constitutionally activate b-catenin signaling by upholding cellular b-catenin levels [29] . Accumulation of bcatenin in turn results in nuclear translocation, with the nuclear expression of b-catenin demonstrated to up-regulate cyclin D1, leading to its oncogenic activation. These findings demonstrate that mutation activation of b-catenin with the associated cyclin D1 over expression are central events in the pathogenesis of GPC [8] .
Differential Diagnosis
A ''hemangiopericytoma-like'' pattern can be found in a wide array of neoplasms of divergent differentiation, including lobular capillary hemangioma (LCH), SFT, sinonasal inflammatory polyp, glomus tumor, fibromatosis, JNA, leiomyoma, schwannoma, neurofibroma, meningioma, fibrosarcoma, synovial sarcoma, malignant melanoma, leiomyosarcoma, angiosarcoma, spindled cell ''sarcomatoid'' squamous cell carcinoma, synovial sarcoma, and mesenchymal chondrosarcoma. A few tumors deserve further elucidation. LCH has a lobular pattern in contrast to the diffuse growth of GPC, with a granulation tissue-like appearance composed of an admixture of inflammatory cells and endothelial-lined vascular spaces. SFT demonstrate a variably cellular proliferation of bland spindle-shaped cells lacking any pattern of growth, with associated ''ropey'' keloidal collagen bundles and thin-walled vascular spaces. The spindled cells tend to be much more elongated, with tapering elongated nuclei [30] [31] [32] [33] . By immunohistochemistry, SFTs reveal diffuse reactivity with CD34, bcl-2, STAT6, and CD99, but are negative with actins and bcatenin [7, 32, 34] , although a subset of SFT may express bcatenin [35] . SFT is further characterized by NAB2-STAT6 gene fusion and over expression of the fusion protein [36] , a finding not found in GPC [8, 23] .
Solitary Fibrous Tumor
Also first described by Stout and Murray in 1942 [1] , SFT is now a single entity that combines HPC, giant cell angiofibroma, and SFT [37] . 
Clinical Features
SFTs are exceedingly rare in the sinonasal tract, even though 10-15 % of SFTs affect the head and neck, usually around the orbit or in the meninges. There is a wide age distribution, although usually found in adults, without a gender predilection. Sinonasal tract SFT patients present with nasal obstruction, epistaxis, or other nonspecific symptoms. Hypoglycemia has been associated with SFT, correlating with expression of insulin growth factors (IGF) by immunohistochemistry. IGF-R mRNA may be identified in tumor cells, even in the absence of clinical hypoglycemia, supporting the notion that IGF-2/IR autocrine loop activation plays an oncogenic role in SFT [38] . Most SFTs in the sinonasal tract are small by virtue of causing symptoms early due to enlargement within a confined space. Therefore, there is an overall good behavior with low local recurrence rate, different from other anatomic sites [39] . Although not reported in the sinonasal tract, SFTs in patients [55 years, with large tumors ([15 cm), with necrosis, increased mitotic activity and/or pleomorphism or incomplete resection are designated as ''malignant'' or ''dedifferentiated'' SFT [40, 41] , associated with metastasis and disease-specific mortality [42] . Treatment of sinonasal tract SFTs is usually by complete excision or by wide excision. Unresectable or advanced tumors have been treated with chemotherapy (doxorubicin, gemcitabine, or paclitaxel), which is only effective in controlling or stabilizing locally advanced or metastatic disease [43] . Trials of targeted therapy with tyrosine kinase inhibitors demonstrate that pazopanib may be stabilizing in malignant SFT while regorafenib may be helpful against de-differentiated SFT. Additionally, mTOR inhibitors may become part of treatment for unresectable tumors in the future [44] [45] [46] .
Pathology Findings
SFT is usually grossly polypoid and firm. By microscopy, SFT is often pseudoencapsulated with compression of adjacent normal tissue. Tumors are variably cellular with hypocellular sclerotic to moderately cellular areas, showing a haphazard arrangement of ovoid to spindles cells (Fig. 2a,  b ). There is often perivascular and stromal hyalinization, with a keloid-like collagen deposition (Fig. 2c) . The vessels are staghorn or hemangiopericytoma-like (Fig. 2a) . Histologically worrisome features for more aggressive biologic behavior of SFTs include tumors that have more than 4 mitoses/10 HPFs, tumor necrosis, increased cellularity, pleomorphism, and high nuclear to cytoplasmic ratio. These more worrisome SFTs often reveal epithelioid round cell features. High grade transformation requires a more bland component of SFT juxtaposed to a frankly demarcated high grade sarcoma component [47] .
Ancillary Techniques
By immunohistochemistry, SFTs generally show a strong and diffuse reaction with CD34 ( Fig. 2d ), bcl-2 and CD99, while the tumor cells are non-reactive with desmin, keratins, S100 protein, actins, and nuclear b-catenin [7, 32, 34] . The C-terminus of STAT6 yields a strong nuclear immunoreaction, considered specific and sensitive for SFT [48] [49] [50] .
At the molecular level, SFTs have been found to have the NAB2-STAT6 gene fusion, which is considered specific to SFT. The NAB2-STAT6 fusion leads to EGR1 activation, transcriptional deregulation of EGR1-dependent target genes, and is a driving event in initiation of SFT. By quantitative real-time PCR, there are high expression levels of the 5 0 -end of NAB2 and the 3 0 -end of STAT6, which corresponded to NAB2/STAT6 fusion, while tissue microarrays revealed differentially expressed GRIA2 regulating gene at the protein level [51] . Further, by tissue microarray, Demicco et al. have identified angiogenic and growth factor signaling pathway alterations in SFT with immunohistochemical staining for PDGFa and b, IGF1R, EGFR, MET, and VEGF. They identified over expression of multiple growth factors in these tumors, correlating with activation of the AKT pathway. As expected, more cellular tumors were associated with high vascular endothelial growth factor and PDGFb, whereas metastatic tumors more frequently over expressed PDGFRa compared to localized tumors [52] . 13q and 17p deletions and p53 mutations (over expression), in combination with TERT promoter mutations seem to play a role in the high grade transformation of SFT [53, 54] .
Differential Diagnosis
The differential diagnoses for sinonasal tract SFT include glomangiopericytoma, fibrous histiocytoma, angioleiomyoma (vascular leiomyoma), schwannoma, synovial sarcoma, and mesenchymal chondrosarcoma. In general, the patterns of growth, cellular features, lack of CD34 and STAT6 expression by immunohistochemistry, and lack of specific molecular changes in the tumors in the differential diagnosis versus SFT, allow for appropriate separation.
Antrochoanal Polyp
Antrochoanal polyp (ACP) was first described by Gustav Killian in 1906 as a clinically distinctive variant of sinonasal inflammatory polyp (SNIP) that originates from the maxillary sinus and extends through an ostium, across the choana, and often into the nasopharynx or oropharynx (Fig. 3a) [55, 56] . Originally thought to be increased in patients who have allergies, there is little well documented evidence for such [57] . Repeated bouts of sinusitis seem to be associated with polyp development, whether caused by allergy, vasomotor rhinitis, infections, cystic fibrosis, aspirin intolerance, or even nickel exposure. There is significantly higher expression of basic fibroblast growth factor and transforming growth factor-b in ACP than in tissue removed from patients with chronic rhinosinusitis [58] . In addition, ACP demonstrates higher levels of mucin gene expression than chronic rhinosinusitis, including MUC5AC, MUC5B, and MUC8, supporting the notion of a distinct clinicopathological entity. Fluid accumulates in the lamina propria, which, along with inflammatory factors and overproduction of tissue-derived growth factors, results in polyp formation. Specifically, ACPs may be associated with mucocele or antral cyst formation in the maxillary sinus due to increased pressure in the antrum (Highmore), with pressure resulting in expansion and herniation or prolapse through an accessory or secondary ostium below the middle meatus [55, 56] . These polyps frequently cross the choana (boundary between the nasal cavity and nasopharynx). Rare reports in siblings may suggest an inherited or familial etiology [59] .
Clinical Features
SNIPs are relatively common, but only about 3-6 % of all SNIPs are ACP [56] . Up to 20 % of children with cystic fibrosis have polyps, but these do not usually fit into the ACP category. There is a male to female predilection for ACPs (2:1), while there is no gender predilection for SNIPs. ACPs tend to develop in younger patients than classical SNIPs, affecting teenagers and young adults (mean 24-28 years) [55, 60] . Symptoms are non-specific, most commonly including nasal obstruction and rhinorrhea [55, [60] [61] [62] [63] . Patients tend to have a longer duration of symptoms with ACPs than with SNIPs [63] . While the vast majority of ACPs are unilateral, synchronous bilateral involvement may be observed, along with bilateral maxillary sinusitis [61] . It is not uncommon to have concurrent SNIPs, allergic rhinitis, chronic rhinosinusitis and/or turbinate hypertrophy. Depending on size, there may be posterior extension of the polyp, resulting in possible obstruction, raising the clinical suspicion of a primary nasopharyngeal lesion (such as JNA). As such, ACPs may be examined through the open mouth as a mass in the oroor nasopharynx. The clinical diagnosis is usually augmented by rhinoscopy, nasal endoscopy and/or computed tomography (CT) studies. By imaging, ACPs tend to be a single, unilateral expansile process, revealing nearly total maxillary sinus opacification, mucosal thickening, and mucus retention. The stalk of attachment within the medial wall is not usually identified by imaging, but a large, pedunculated polyp will expand into and fill the nasal cavity and/or pharynx [55, 62, 64, 65] . Uncommonly, choanal polyps will arise from the sphenoid or ethmoid sinus, referred to as sphenochoanal or ethmochoanal polyps, revealing a stalk of attachment in the named sinus [61] . Conservative combination endoscopic (Functional Endoscopic Sinus Surgery: FESS) and open surgery (miniCaldwell procedure) to include the stalk and sinus contents, seems to yield the lowest risk of recurrence [55, 60, 64] , especially if the point of attachment cannot be identified.
Pathology Findings
ACPs tend to be firmer and non-translucent compared to SNIPs, with a distinct stalk. Histologically, ACPs lack minor mucoserous glands and a well-developed eosinophilic inflammatory infiltrate (Fig. 3b) . Goblet cells within the surface epithelium are less frequent in ACPs than in usual SNIPs, and surface squamous metaplasia is observed in ACPs but not as often in SNIPs [57, 63] . The surface epithelium basement membrane is inconspicuous in most ACPs, whereas SNIPs, especially those associated with allergy, reveal a remarkably thickened basement membrane. Chronic inflammation is identified to a much greater degree when the ACPs extend into the nasopharynx than when confined to the nasal cavity [65] . It is not uncommon for these polyps to undergo secondary change, which results from either chronic or subacute vascular compromise (i.e., stalk torsion). This results in partial degeneration and destruction of the endothelial cells. Cystic degeneration of the stroma is frequently observed, creating a loosely reticular pattern or ''pseudoangiomatous'' growth [63] . It is not uncommon to see partial to complete infarction, secondary fibrosis, minimal to extensive hemorrhage, and even organizing thrombus or papillary endothelial hyperplasia (Masson endothelial hyperplasia). These secondary changes or injuries will frequently be associated with dispersed, single atypical stromal cells. These cells are a component of wound healing and are myofibroblastic in origin. These cells can appear quite bizarre, with enlarged pleomorphic and hyperchromatic nuclei and sometimes remarkably prominent nucleoli (Fig. 3c) . The cytoplasm ranges from eosinophilic to slightly basophilic, with a stellate to bipolar appearance, with ''strap-like'' pseudopodal extensions. These cells are often clustered adjacent to areas of injury or surface erosion, including around any thrombosed vasculature or acute infarction. However, these cells are almost never mitotically active.
Ancillary Techniques
The atypical stromal myofibroblasts are positive with vimentin and actins (Fig. 3d) with occasional expression of cytokeratin. However, there is no reaction with desmin, myoglobin, myogenin, MYOD1, or with S100 protein. Vascular markers will highlight the vessels, but the atypical stromal cells are non-reactive.
Differential Diagnosis
One of the most important differential diagnostic considerations is rhabdomyosarcoma. The atypical myofibroblastic stromal cells may give the appearance of rhabdomyoblasts. Overall, rhabdomyosarcoma tends to be more cellular than ACP, often with a ''cambium layer'' gradient of high to low cellularity. Further, rhabdomyosarcoma is likely to involve a wider area of the stroma, with the neoplastic cells noted throughout the tissue, not just adjacent to areas of injury. Rhabdomyoblasts are more pleomorphic, have a higher nuclear to cytoplasmic ratio, and may even declare cross striations. Mitoses are increased and necrosis may be present. Negative desmin and myoregulatory proteins MyoD1 and myf4 (skeletal muscle specific myogenin) clearly separate these polyps from rhabdomyosarcoma. Chronic rhinosinusitis lacks a polypoid architecture, but when fragmented, the presence of stromal edema, mild chronic inflammation, and thickened basement membranes helps to separate it from ACPs. JNAs arise in the nasopharynx, with a combination of variably sized vessels and collagen deposition often with stellate stromal cells.
Nasopharyngeal Angiofibroma
Juvenile nasopharyngeal angiofibroma (JNA) was first described by Hippocrates in the fifth century BC, but Friedberg first used the term angiofibroma in 1940. This tumor specifically arises from erectile-like fibrovascular stroma in the posterolateral wall of the roof of the nose and nasopharynx.
Clinical Features
These relatively uncommon tumors, comprising less than 1 % of nasopharyngeal tumors, are found almost exclusively in adolescent males (10-25 years); in Caucasian patients, these boys are often fair-skinned and red-haired. Occasional cases are identified in older patients; if identified in females, chromosomal evaluation reveals testicular feminization. These tumors show a puberty-associated growth, correlating to a strong expression of tumor cell androgen receptors. The classical triad of epistaxis, unilateral nasal obstruction and a mass may be accompanied by nasal discharge, proptosis, diplopia, headache, and pain. Tumors often expand into adjacent structures, including the orbit or cranial cavity. JNAs may spontaneously regress after puberty. The overall behavior for JNAs is benign, but these tumors have high vascularity and bleed severely on manipulation and biopsy. If incompletely removed, local recurrence may develop in up to 40 % of cases, usually within the first year. Treatment includes preoperative embolization, although the tumors are often difficult to excise. Chemo-or radiation therapy may be employed for incompletely excised or locally aggressive disease. Rarely are sarcomatous or squamous cell carcinoma transformation after radiation therapy reported [66] .
Pathology Findings
Grossly, these are well circumscribed, unencapsulated polypoid fibrous masses with a spongy to solid tan-grey cut surface (Fig. 4a) . They can reach large sizes, up to 22 cm, but generally are a mean of 4 cm. A composite of radiographic, clinical and pathology staging is based on tumor limited to the nasopharynx without bone destruction (stage I) to massive invasion of the cranial cavity, cavernous sinuses, optic chiasm, or pituitary fossa (stage IV). By microscopy, there is an intricate mixture of stellate and staghorn blood vessels with variable vessel wall thickness ranging from capillaries with a single layer of endothelium to large thick-walled, smooth-muscle lined vessels, to patulous vessels lacking any muscle wall (Fig. 4b-d) . The irregular fibrous stroma is loose and edematous or can be densely sclerotic and acellular. The stromal cells are stellate fibroblasts that may demonstrate small pyknotic to large vesicular nuclei. Larger vessels are found at the base of the lesion, ramifying to smaller vessels with plump endothelium at the growing edge of the tumor. However, haphazard vascular distribution is seen. Multinucleated stromal cells are common. Mitoses are rare to absent. Minimal lymphocytic inflammation may be present, but scattered mast cells are frequent.
Ancillary Techniques
By immunohistochemistry, CD31, CD34 and SMA highlight vessels; the stromal cells are negative for CD34, S100 protein, desmin, Epstein-Barr virus, human herpes virus-8 and keratin [67] . c-KIT (CD117) is positive and androgen receptor is found in up to 75 % of cases.
Gene expression reveals chromosomal imbalances in both stroma and endothelium with AURKB, FGF18, and SUPT16H identified as potential therapeutic molecular targets [68] . Another study identified that GSTM1 (null genotype) is linked to the development of JNA [69] . SYK protein kinase (tyrosine kinase) is differentially expression in low and high stage JNA, suggesting a possible molecular treatment target, along with angiogenic protein basic fibroblast growth factor [70, 71] .
Differential Diagnosis
The differential diagnosis includes sinonasal inflammatory polyps, hemangiomas (lobular capillary hemangioma specifically), antrochoanal polyp, and SFT. In general, SNIPs have mucoserous glands, less fibrous stroma, and lack significant erectile-tissue vasculature. LCHs usually have a rich inflammatory component and a more ramifying vascular pattern, while arising from a different anatomic site. Antrochoanal polyps show heavy stromal fibrosis, but lack the vascular pattern of a JNA and arises from a different anatomic site (maxillary sinus). SFTs demonstrate a much greater cellularity, show more collagen deposition, do not show the diversity of vascularity of a JNA, and are strongly positive with CD34 and STAT6 by immunohistochemistry.
Lobular Capillary Hemangioma
Lobular capillary hemangioma (LCH) was first described as pyogenic granuloma in 1897 by two French surgeons, Poncet and Dor, who named this lesion botryomycosis hominis. Synonyms include pyogenic granuloma; capillary hemangioma, and epulis gravidarum. Mucosal hemangiomas of the sinonasal tract account for 10 % of all head and neck hemangiomas, with LCHs the most common. Capillary hemangiomas are derived from capillary sized vessels that are too many per unit space, yet retain their normal architecture in a trunk and branch distribution, with pericytes around the vessels. The consideration that LCH is reactive is due to its association with injury and hormonal factors including pregnancy and oral contraceptive use.
Clinical Features
Sinonasal capillary hemangiomas occur in all ages, although there is a peak in children and adolescent males, females in the reproductive years, and then an equal sex distribution beyond 40 years of age, whereas cavernous hemangiomas tend to Fig. 5a ) most often, followed by the tip of the turbinate and paranasal sinuses. Surgical treatment is required to decrease the potential for associated aplasia of the nasal cartilage and disfigurement. Preoperative embolization decreases bleeding. On the other hand, regression will occur in pregnancy-associated tumors after parturition. Multiple recurrences are more common in children if the lesional bed is not completely removed [72] .
Pathology Findings
LCHs range up to 5 cm, with a mean size \1.5 cm. The tumors are red to blue, submucosal, soft, compressible, flat or polypoid lesions, often with an ulcerated surface. By microscopy, LCHs have a lobular, trunk-and-branch like organized pattern of capillary proliferation, surrounded by pericytes (Fig. 5b) . Mitoses are highly variable because capillaries and pericytes can have brisk normal form mitoses. The lobules are separated by a fibromyxoid stroma (Fig. 5c ) and the cellularity of the lobules may be quite high. An inflammatory infiltrate is invariably present, more so when ulcerated.
Ancillary Techniques
LCHs are diagnosed by H&E stained material, yet the endothelial cells are CD31, CD34, Factor VIIIR-Ag, and FLI1 positive while the pericytes are positive for SMA; CD31 is considered the most reliable endothelial marker. Glut-1 is positive in infantile hemangioma, but not in LCH. VEGF is highest in LCHs among benign vascular tumors [73] , and is associated with apoptosis of endothelial cells and regression of pregnancy induced LCHs [74] .
Differential Diagnosis
Sinonasal tract LCHs are distinguished from granulation tissue, SNIPs, JNAs, and angiosarcomas. Most importantly, LCHs are an intravascular benign process that does not have intervening stroma seen in JNA and is not an extravascular extension of malignant endothelial cells, leaving their normal pericytic confines and losing SMA, as observed in angiosarcoma [75] .
Meningioma
Meningiomas constitute between 20 and 36 % of intracranial neoplasms [76, 77] , but primary extracranial (ectopic, extracalvarial) meningiomas account for only about 2 % of all meningiomas, with meningiomas of the sinonasal tract comprising \0.1 % of non-epithelial neoplasms [78] [79] [80] . Extracranial direct extension into the sinonasal tract of meningiomas is much more likely than a primary, ectopic tumor, and thus, by current consensus, a primary diagnosis should not be rendered when there is a detectable intracranial mass or ''dural enhancement'' by imaging [79] [80] [81] .
Meningiomas are derived from arachnoid cap cells (arachnoid granulations, pacchionian bodies), located extra-cranially within the sheaths of nerves or vessels as they emerge through the skull foramina or suture lines of the skull, presenting in ''ectopic'' sinonasal tract locations. While radiation exposure and sex hormones are known to play a role in meningioma development [76, 78, 80] , these factors are unproven in sinonasal tract tumors. There are three grades (as defined by the World Health Organization) and 15 recognized histologic types [76] .
Clinical Features
There is a female predilection (1.7-2.1:1), with patients commonly presenting in the 5th decade (mean 44 years; range 9-88 years), similar to intracranial lesions. Men tend to be younger than women by a decade and also tend to develop atypical and anaplastic meningiomas more often than women [76, 77] . Because symptoms are non-specific, such as polyps or nasal obstruction, they are present for a long duration (mean 4 years) [78] [79] [80] . Whereas meningiomas are well described in neurofibromatosis type 2 (NF2), this association is not significant in sinonasal tract tumors.
Sinonasal tract meningiomas involve both the nasal cavity and paranasal sinuses more frequently than either location alone, although each sinus may be individually affected. A majority are left-sided [78] [79] [80] . The imaging findings within the sinonasal tract are non-specific, with sinus or nasal cavity opacification, perhaps with bone erosion, sclerosis or hyperostosis. CT studies may identify a destructive mass, revealing the marked tendency to permeation of the crevices, suture lines, foramina and cranial nerve spaces of the skull, but sometimes a small dural or en plaque meningioma may be distinctly challenging to recognize radiographically [80, 81] .
Complete extirpation is difficult to achieve due to the complex anatomic restrictions. In general, however, the prognosis of primary meningioma of the sinonasal tract appears to be excellent without any other therapy. Radiation is employed for residual or incompletely excised tumors, while sunitinib malate (a tyrosine kinase inhibitor) has been demonstrated to be active [82] . Recurrences develop (about 30 % of cases) due to incompletely excised tumors, but metastasis or malignant transformation is not reported in the sinonasal tract [78, 80] . In contrast to intracranial tumors, gender and age do not influence prognosis. It is noteworthy that features associated with an increased rate of recurrence in CNS meningiomas (increased mitotic activity, loss of architectural pattern, hypervascularity, necrosis, spindle cell formation, nuclear pleomorphism) [77, [83] [84] [85] are rarely found in sinonasal tract tumors, and when present, are not associated with a worse outcome. If there is death with tumor, it is usually due to involvement of the vital structures of the mid-facial region or to complications of the surgery, rather than to the aggressive nature of the tumor.
Pathology Findings
The tumors range in size up to 8.0 cm, with a mean size of 3 cm. Macroscopically, the tumors are often polypoid, covered by an intact surface epithelium, frequently expanding into bone. Calcifications may be visible.
Sinonasal tract meningiomas exhibit the same variety of histological patterns as their intracranial counterparts, although meningothelial meningiomas are the most common. The meningocytes may mingle with the surface epithelium, suggesting squamous differentiation or origin (Fig. 6a) . The tumors are composed of lobules of cells, with a meningothelial whorling with isolated psammomatous calcifications (Fig. 6b, c) . The cells appear as a syncytium with indistinct borders, bland nuclei, delicate chromatin, small nucleoli, and occasional intranuclear cytoplasmic inclusions (Fig. 6c) [76, 80] . Specific types, such as transitional (spindle cell component), metaplastic (lipidized cells within the tumor), and psammomatous types (abundant, confluent psammoma bodies) are occasionally identified [76, 80] . A combination of increased mitotic activity (4-19/10 HPF) with three or more of the following features is diagnosed as atypical meningioma: loss of architectural pattern (sheet-like), hypercellularity, small cells with high nucleus: cytoplasmic ratio, prominent nucleoli, and geographic necrosis; [76, 83, 85] anaplasia, C20 mitoses/10 HPFs and the papillary or rhabdoid cell types are referred to as anaplastic (Grade III) tumors.
Ancillary Techniques
Meningiomas typically react with epithelial membrane antigen (EMA, often weakly and focally; Fig. 6d ), CK18 and vimentin. Rare tumors may react with pancytokeratin or other keratins, CD34 (fibrous and atypical types), and S-100 protein (fibrous type), while glial fibrillary acidic protein and smooth muscle actin are non-reactive, except in rhabdoid and whorling-sclerosing variants [77] . STAT6 is negative, helping to separate fibrous meningioma from SFT [86] . Ki-67 is positive to a variable degree and intensity in all cases, although usually low [76, 80] .
A number of genetic and molecular pathways are disrupted in meningioma, contributing to its tumorigenesis, with complex karyotypes and involvement of multiple signaling pathways. Abnormalities in genes on chromosomes 1p, 6, 9p, 10q, 14q, 17p, 18q and 22 have been described, [77, 84, 87, 88] with deletions of chromosome 22 (monosomy 22) the most consistent cytogenetic alteration. Specifically, these include mutations of the NF2 gene (chromosome 22q12.2), which codes for the protein merlin, a tumor suppressor gene. Merlin is lost in different meningioma types, while Yes-associated protein (YAP) is increased, resulting in meningioma proliferation [89] . Loss of 1p is the second most common chromosomal abnormality, correlated to ELAVL4 gene which reveals a distinct gender difference [90] , and to ALPL (1p36.1-p34) which is down regulated, associated with high grade tumors and recurrence [88] . Several other genes and chromosomes have been elucidated in meningioma, but tend to be associated with Grade II and III tumors or with tumor progression, features not normally present in the sinonasal tract [77, 84, 87, 91] .
Differential Diagnosis
The differential diagnosis of sinonasal tract meningioma includes squamous cell carcinoma, melanoma, SFT, GPC, paraganglioma, schwannoma, chordoma and aggressive psammomatoid ossifying fibroma [6, 36, 77, 79, 80, 86, 92, 93] . The general histologic features and immunohistochemical findings can usually separate between these tumors. Carcinomas will tend to reveal more pleomorphism, may reveal keratinization, have an increased mitotic index, and will be positive with a variety of cytokeratins, including CK5/6, along with strongly reactive p63 and p40. Melanomas may grow in a meningothelial pattern, but S100 protein, SOX10, HMB45, Melan-A, and tyrosinase are not usually positive in meningiomas, although fibrous meningiomas are S100 protein positive. SFTs may be included in the differential for fibrous meningiomas, where *40 % of fibrous meningiomas and 60 % of atypical meningiomas are positive with CD34, but STAT6 is strongly positive in SFT and not in meningioma, while claudin-1 is positive in many meningiomas, but not in SFT. GPCs reveal a syncytial growth, a rich vascular pattern, peritheliomatous hyalinization, and an inflammatory infiltrate, with actins and nuclear b-catenin reactivity. Paragangliomas have a nested or zellballen arrangement, with neuroendocrine markers and a supporting sustentacular S100 protein reaction. Schwannomas have hyper-and hypocellular areas, palisaded nuclei, and perivascular hyalinization, with a strong S100 protein and SOX10 reaction, but negative claudin-1 reaction. Chordoma and chordoid meningioma may look similar, but brachyury is positive only in chordoma. An aggressive psammomatoid ossifying fibroma may be confused with meningioma as both lesions may have psammoma bodies, but meningiomas lack associated osteoclasts and osteoblasts and does not contain the storiform and more compact stromal matrix.
In summary, familiarity with the specific and unique soft tissue tumors of the sinonasal tract and recognition of common soft tissue tumors and meningiomas as they may affect the sinonasal tract, should allow for correct interpretation, utilizing pertinent and selected ancillary studies to confirm the diagnosis.
